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Almost simultaneously, several studies reported the emergence of novel severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) lineages characterized by

distinct phylogenetic and genetic features (1–4). Here, we sequenced 180 complete
genomes collected between April and November 2020 from the Brazilian state of Rio
de Janeiro (see Table S1 in the supplemental material) and identified 37 samples com-
posing a new variant lineage. This novel lineage, currently classified as P.2 by Pangolin
(COG-UK), a descendant of the B.1.1.28 strain, is distinguished by five lineage-defining
mutations: 59 untranslated region [UTR] C100U, (ORF1ab L3468V, ORF1ab synC11824U,
S E484K, and N A119S). Five other mutations were also detected in many genomes
from this lineage (ORF1ab L3930F, ORF1ab synA12964G, ORF8 synC28253U, N M234I,
and 39 UTR C29754U).

We found a total of 731 single-nucleotide variants (SNVs) across the 180 samples, of
which 50.3% were missense, 44.5% synonymous, 5.1% intergenic, and 0.1% nonsense.
For the phylogenetic reconstruction, we gathered a global data set containing the 180
new genomes plus 1,197 high-coverage genomes from GISAID (GISAID Initiative; see
Table S2), including 116 Brazilian and 1,081 worldwide genomes whose collection
dates ranged from May to November (data downloaded 3 December 2020). Genomes
were classified using Pangolin (COG-UK).

The phylogenetic reconstruction indicates that the vast majority (86.8%) of Brazilian
genomes fall within three clades (Fig. 1). Clade I comprises B.1.1.33 strains, while clades
II and III are composed of B.1.1.28 strains. We inferred that P.2 falls within clade II (Fig.
1) and emerged in July 2020.

An essential feature of the new strains recently described in the United Kingdom
(B.1.1.7) (1), South Africa (B.1.351) (2), and Brazil (P.1) (3, 4) is that they have a unique
set of multiple spike mutations, including N501Y, which is associated with greater
infectivity and transmissibility. In contrast, all P.2 genomes exhibit only E484K in addi-
tion to a varying collection of either novel or rarely found spike mutations. E484K is
also present in P.1 and B.1.351 lineages, but not in B.1.1.7. Since both P.1 and P.2 line-
ages are descendants of B.1.1.28 and both were first detected in Brazil, we performed a

Citation Voloch CM, da Silva Francisco R, Jr., de
Almeida LGP, Cardoso CC, Brustolini OJ, Gerber
AL, Guimarães APDC, Mariani D, da Costa RM,
Ferreira OC, Jr., Covid19-UFRJ Workgroup,
LNCC Workgroup, Cavalcanti AC, Frauches TS,
de Mello CMB, Leitão IDC, Galliez RM, Faffe DS,
Castiñeiras TMPP, Tanuri A, de Vasconcelos
ATR. 2021. Genomic characterization of a novel
SARS-CoV-2 lineage from Rio de Janeiro, Brazil.
J Virol 95:e00119-21. https://doi.org/10.1128/
JVI.00119-21.

Editor Colin R. Parrish, Cornell University

Copyright © 2021 Voloch et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Amilcar Tanuri,
atanuri1@gmail.com, or Ana Tereza R. de
Vasconcelos, atrv@lncc.br.

Accepted manuscript posted online
1 March 2021

Published 26 April 2021

May 2021 Volume 95 Issue 10 e00119-21 Journal of Virology jvi.asm.org 1

LETTER TO THE EDITOR

https://orcid.org/0000-0001-5182-4366
https://orcid.org/0000-0002-4632-2086
https://doi.org/10.1128/JVI.00119-21
https://doi.org/10.1128/JVI.00119-21
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://jvi.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/JVI.00119-21&domain=pdf&date_stamp=2021-3-1


FIG 1 Phylogeny and timescale of P.2 lineage. (A) Maximum-likelihood tree of 1,377 SARS-CoV-2
genomes, including the 180 new Brazilian genomes generated in this work. We randomly sampled
one genome/week/country from available samples in GISAID with collection dates ranging from May
to November. Brazilian sequences with collection dates from May to November were all added to the
data set (see Table S2). We ran IQTree 2.0.3 (10) under a general time-reversible (GTR) model of
nucleotide substitution (11) with empirical base frequencies and invariant sites. Tips are colored
according to their origin. Genomes generated from this work are red, other Brazilian genomes are
blue, and genomes from other countries are not colored. Gray areas represent the three clades where
Brazilian viruses are concentrated. The emergent lineage identified in this work, P.2, is in a dark-gray
box and highlighted with red branches. The approximate likelihood ratio test (aLRT) support value for
the branch holding P.2 monophyly is shown. (B) A time-scaled tree of clade II was estimated under a
strict molecular clock in BEAST v.1.10.4 (12) using the GTR1I (11) nucleotide substitution model and
assuming an exponential growth tree prior and a normal prior for the clock rate (mean= 8� 1024

and standard deviation = 0.1� 1025). The convergence of the Markov chain Monte Carlo chains, which
were run at least for 50 million generations and sampled every 1,000th step, was inspected using
Tracer v.1.7.1 (13). Maximum clade credibility (MCC) summary trees were generated using
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Letter to the Editor Journal of Virology

May 2021 Volume 95 Issue 10 e00119-21 jvi.asm.org 2

https://jvi.asm.org


phylogenetic analysis of all their genomes available in GISAID (data downloaded 11
February 2021). Figure 2 highlights the differences between them and their origin,
showing that despite sharing E484K, both emerged from independent events. The
localities where these two lineages were first detected have had entirely different epi-
demiological dynamics since the beginning of coronavirus disease 2019 (COVID-19)
history in Brazil (5); therefore, the two variants arose independently in different epide-
miological contexts.

The cases of reinfection involving the new variant lineage P.2 (6, 7) and the abil-
ity of viruses harboring the mutation E484K to escape from neutralizing antibodies
(8, 9) emphasize the importance of monitoring the spread of this new strain. In
about 4 months, 342 genomes classified as P.2 have become available. The emer-
gent lineage P.2, initially detected in 37 samples from Rio de Janeiro State, is spread
across all Brazilian regions and 16 other countries. Brazilian viruses are the oldest
and constitute the majority (55%) of the P.2 genomes, suggesting its exportation
worldwide.

FIG 2 Phylogeny of B.1.1.28 and its alias lineages (P.1 and P.2). Maximum-likelihood tree of 993 SARS-CoV-2 genomes. We downloaded all B.1.1.28, P.1, and
P.2 high-coverage genomes available in GISAID on 11 February 2021. The phylogeny was estimated using IQTree 2.0.3 (10) under a GTR1F1R3 model
chosen by ModelFinder. Brazilian genomes are not tip colored. Viruses from other countries are colored according to their geographical origin (dark blue,
South America; light blue, North America; dark green, Europe; light green, Africa; brown, Asia; and orange, Oceania). Gray areas highlight P.1 and P.2
lineages. The aLRT support value for the branch holding P.1 and P.2 monophyly is shown. The tree is rooted with 3 B.1.1 genomes. The chart shows the
single nucleotide polymorphisms (SNPs) that characterize P.1 and P.2 lineages.

FIG 1 Legend (Continued)
TreeAnnotator v.1.10.4 (12). Red circles in the tip nodes represent genomes generated in this work,
and blue circles indicate other Brazilian samples. P.2 is identified by the red branches and highlighted
in a gray box. The posterior probability of the branch holding P.2 monophyly is shown.
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The present study was approved by the National Committee of Research Ethics and
by the Ethics Committee of Hospital Universitário Clementino Fraga Filho (protocol
numbers 30161620.0.1001.5257 and 34025020.0.0000.5257).

Data availability. NGS data generated in our study are publicly available in SRA-NCBI
(www.ncbi.nlm.nih.gov/sra), under BioProject accession no. PRJNA686081. Genome sequen-
ces were also deposited in GISAID (https://www.gisaid.org/) and are fully accessible for reg-
istered users within the “browse” option of the EpiCoV database (see Table S1).
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